Delafontaine. ANG II induces apoptosis of human vascular smooth muscle via extrinsic pathway involving inhibition of Akt phosphorylation and increased FasL expression.
ANG II IS an important growth factor for vascular, cardiac, and renal cells (47) . ANG II-mediated growth modulation underlies various pathophysiological processes, including atherosclerosis, vascular and cardiac remodeling, and progression of chronic renal disease (10) . ANG II causes hypertrophy of quiescent rat vascular smooth muscle cells (rVSMC) in serum-free media (6, 21, 23) and has also been reported to stimulate proliferation of rVSMC in the presence of serum (44, 48) . Although it has been reported that ANG II caused apoptosis in the media of rat blood vessels (13) , the mechanisms underlying the proapoptotic effects of ANG II are not clear, and the effect of ANG II on human vascular smooth muscle cells (hVSMC) has not been explored. Furthermore, the potential relation between hVSMC differentiation and ANG II-induced apoptosis is unknown.
Apoptosis is initiated by two principal pathways (43) . The intrinsic pathway initiates from mitochondria, whereas the extrinsic pathway is initiated by the activation of death receptors (43) . Fas, also called Apo-1 and CD95, is one of several major death receptors that activate the extrinsic pathway (36) . The activation of Fas after the binding of Fas ligand (FasL) leads to caspase-8-dependent apoptosis (28) . VSMC normally express Fas but not FasL, and upregulation of FasL expression may lead to apoptosis of VSMC (20, 22, 38) . Anti-FasL antibody has been reported to inhibit ANG II-induced tubular cell apoptosis (5) .
In addition to its direct ability to regulate growth, migration, and gene expression in vascular cells (17, 46) , ANG II may exhibit additional actions by modulating the signaling of other growth factors (12) . Thus it has been shown that there is cross talk between the insulin and ANG-signaling systems in heart (42) , and ANG II acutely inhibits IGF-1-induced phosphatidylinositol 3-kinase (PI3-kinase) activity in smooth muscle cells (18) . However, the potential sustained effects of ANG II on IGF-1 signaling in hVSMC have not been addressed.
It has been reported that the activation of Akt inhibits apoptosis in a variety of cell types in vitro (9) . The survival effects of Akt are mediated by phosphorylation and inhibition of several proapoptotic proteins, including members of the Forkhead transcription factors (FKHR) (7, 50) . Thus decreased Akt phosphorylation leads to the translocation of FKHR from the cytosol to nucleus and an increased transcription of FasL (7) . The potential role of Akt phosphorylation in ANG IIinduced apoptosis has not been explored.
In this study, we hypothesized that there would be cross talk between ANG II proapoptotic effects and IGF-1 survival effects in hVSMC, and we investigated molecular mechanisms of ANG II-induced apoptosis and the ability of IGF-1 receptor (IGF-1R) activation and Akt phosphorylation to rescue cells from ANG II-induced apoptosis.
MATERIALS AND METHODS
Reagents. Human recombinant IGF-1 was obtained from Genentech; des-IGF-1 from GroPep; anti-total Akt, anti-phospho-Akt, antitotal FKHR, and anti-phosphor-FKHR antibodies from Cell Signaling; anti-IGF-1R antibody from Santa Cruz Biotechnology; ANG II from Sigma; and candesartan from AstraZeneca.
Cell culture. Cultured hVSMC (Clonetics) were grown in SMGM-2 medium with growth factors, 5% fetal bovine serum, glutamine, penicillin, and streptomycin. Studies were conducted on nonquiescent or quiescent hVSMC (i.e., preexposed to serum-free medium alone for 24 h). The human aortic smooth muscle cells were used at passages 4 to 10. To study the effects of IGF-1 and des-IGF-1, cells were treated with 0 -50 ng/ml IGF-1 or des-IGF-1 with or without ANG II (100 nM). We chose this concentration of ANG II because lower concentrations of ANG II (20 -80 nM) caused minimal apoptosis of nonquiescent hVSMC. This concentration of ANG II has been used extensively in cell culture studies. It is of note that high local concentrations of ANG II are thought to be important in disease states and specifically in the pathogenesis of vascular disease (16) .
Cell viability assay. Cell viability was evaluated by intracellular calcein fluorescence, as described previously (31) . After cells were incubated in six-well plates with 1 M calcein AM in culture medium for 30 min, the cells were washed, transferred to microplates, and calcein fluorescence (excitation wavelength, 485 nm) was measured at 538 nm with the use of a Fusion Universal Microplate Analyzer. The data were expressed as the mean fluorescence peak height of samples normalized to a percentage of the control value.
Mitochondrial membrane potential: ⌬⌿ assay. After the experimental treatment, the cells in six-well plates were washed with PBS, then incubated with 10 M rhodamine 123 (Molecular Probes) (31) . After 30 min, the cells were washed, removed, and the indicator fluorescence was measured (excitation/emission wavelengths, 480/ 530 nm). The emission values were expressed as the mean fluorescence intensity of samples normalized to a percentage of the control value.
Western blot analysis. Cells were washed with PBS buffer and lysed in buffer containing 150 mM NaCl, 20 mM Tris ⅐ Cl (pH 7.2), 1 mM EDTA, 1% NP40, 5 mM dithiothreitol, 0.1 mM phenylmethylsulfonyl fluoride, 1 mM sodium orthovanadate, 0.1 M okadaic acid, 0.1 M aprotinin, 10 g/ml leupeptin, and 10 mM NaF. Lysates were subjected to 10% SDS-PAGE and Western blot analysis with polyclonal anti-Akt or anti-phospho-Akt (1:1,000) or phospho-FKHR antibody (1:1,000). Immunopositive bands were visualized by enhanced chemiluminescence. Blots were stripped and reprobed with monoclonal anti-␤-actin antibody as a control for equal loading.
Adenovirus constructs and infection. The IGF-1R adenovirus (AdIGF-1R) was prepared as previously described (29) . The constitutively active Akt adenovirus (AdAktmyr) was kindly provided by Dr. Kenneth Walsh, Boston University (33, 40) .
Cell culture and infection hVSMC were replicate-plated into sixwell plates and grown to 60% confluence. These cells were infected with CsCl gradient-purified recombinant AdIGF-1R, AdAktmyr, or control adenovirus expressing enhanced green fluorescence protein (AdGFP) at a multiplicity of infection (MOI) of 50.
Real-time PCR. To determine the expression of Fas, FasL, caspase-8, and ANG II type 1 (AT 1) receptor, 5 g of total RNA from treated hVSMC were converted into cDNA with the First Strand cDNA Synthesis kit (Amersham) and used for the 40 cycle two-step PCR in the Bio-Rad iCycler apparatus. PCR conditions were 95°C for 3 min, followed by 40 cycles of 95°C for 30 s and 55°C for 10 s. Fluorescence changes were monitored with SYBR Green PCR Supermix (Bio-Rad) after every cycle, and melting curve analysis was performed at the end of 40 cycles to verify PCR product identity. Amplicon size and reaction specificity were confirmed by 1.5% agarose gel electrophoresis. Each PCR reaction was repeated three times, and the average median threshold cycle values were used for analysis. Results were evaluated with the iCycler IQ Real-Time Detection System Software (Bio-Rad).
Death ELISA. DNA fragmentation analysis was performed with a Cell Death Detection ELISA kit (Boehringer-Mannheim) according to the manufacturer's protocol. Briefly, cells were infected with AdGFP or AdIGF-1R (MOI of 40) or AdAktmyr (MOI of 50) in 24-well plates overnight in serum-containing medium. Cells were then exposed to ANG II for 24 h in serum-free medium, lysed in 100 l of lysis buffer, and centrifuged for 10 min at 200 g, and triplicate 20 l samples of supernatant were placed into the streptavidin-coated microtest plates for analysis. DNA fragmentation was quantified by measuring absorbance at 405 nm with a reference wavelength at 492 nm. Data presented are representative of three or more independent experiments.
Analysis of cellular protein-to-DNA ratio. Cellular hypertrophy was determined as described previously by Haider et al. (24) . Briefly, cellular DNA and proteins were stained with 4',6-diamidino-2-phenylindole dihydrochloride (DAPI; 1 g/ml) and sulforhodamine 101 (20 g/ml), respectively. The ratio of intensity of the red fluorescence of sulforhodamine 101 (Ͼ590 nm) to that of the blue fluorescence of DAPI (490 Ϯ 20 nm) was calculated to represent the protein-to-DNA ratio (24) .
Cell proliferation assay. Cell proliferation was performed with a BrdU Proliferation Assay (Oncogene). Briefly, the cells were treated with or without ANG II for 24 h. During the final 8 h of incubation, 5-bromo-2Ј-deoxyuridine (BrdU) was added into culture. The cells were fixed and permeabilized, the DNA was denatured, and the cells were exposed to anti-BrdU monoclonal antibody followed by horseradish peroxidase-conjugated goat anti-mouse and fluorogenic substrate. The blue fluorescent product was measured at excitation 325 nm and emission 420 nm. Data presented are representative of three or more independent experiments.
Caspase-8 activity. The protease activity of caspase-8 was assayed according to the manufacturer's instructions (Calbiochem). Briefly, the cells were washed with PBS buffer; lysed in buffer containing 150 mM NaCl, 20 mM Tris ⅐ Cl (pH 7.2), 1 mM EDTA, 1% NP40, 5 mM dithiothreitol, 0.1 mM phenylmethylsulfonyl fluoride, 1 mM sodium orthovanadate, 0.1 M okadaic acid, 0.1 M aprotinin, 10 g/ml leupeptin, and 10 mM NaF; lysates were centrifuged at 10,000 g for 10 min; and the supernatants were used for caspase-8 assay. The principle of the assay is that activated caspase-8 cleaves the COOHterminal peptide bond from colorimetric substrate IETD with pnitroaniline (pNA), then releases pNA, which absorbs maximally at 405 nm. Assays were performed four times in triplicate using 96-well plates.
FasL ELISA. Soluble FasL was assayed with a Fas Ligand ELISA kit (Oncogene). Briefly, 100 l culture media were placed into the FasL antibody-coated microtest plates. After 3 h, unbound material was washed away, and horseradish peroxidase-conjugated streptavidin and substrate tetramethylbenzidine were then added. The concentration of FasL was quantified by measuring absorbance at 450 nm with a reference wavelength at 595 nm. Data presented were representative of three or more independent experiments.
Cell cycle analysis by flow cytometry. Cells were trypsinized, rinsed once, resuspended in PBS, and fixed with ice-cold 70% ethanol for at least 20 min. Fixed cells were rinsed, resuspended in 50 g/ml propidium iodide, and analysed on a Becton Dickinson FACScan flow cytometer. The percentage of cells in each phase was calculated using ModFit software (Verify Software House, Topsham, ME) (32) . Four independent experiments were performed.
Statistical analysis. Data were presented as means Ϯ SE. Statistical analysis was performed with ANOVA or Student's t-test when appropriate. Significance was established when P Ͻ 0.05. All experiments were performed a minimum of three times.
RESULTS

Differential effects of ANG II on hVSMC.
With the use of flow cytometry, we found that 75.3 Ϯ 4.1% of nonquiescent hVSMC were in S phase, and only 11.1 Ϯ 3.4% of quiescent hVSMC were in S phase (Fig. 1A) . ANG II did not alter the cell cycle distribution compared with control in quiescent hVSMC after 24 h exposure [ANG II ϩ serum free (SF) vs. SF as control ϭ 10.2 Ϯ 1.6% vs. 9.5 Ϯ 1.3% in S phase]. Additionally, ANG II did not alter the cell cycle distribution in nonquiescent cells, including ANG II in normal serum (NS) (ANG II ϩ NS vs. NS as control ϭ 73.7 Ϯ 3.2% vs. 72.8 Ϯ 2.9% in S phase) and ANG II in SF (ANG II ϩ SF vs. SF as control ϭ 12.7 Ϯ 4.2% vs. 11.9 Ϯ 3.9% in S phase) after 24-h exposure.
Because ANG II could induce hypertrophy, proliferation, or apoptosis, we assessed the protein-to-DNA ratio to determine ANG II-induced hypertrophic responses, assessed DNA synthesis to determine ANG II-induced proliferation, and assessed cell viability to measure ANG II-induced cell death. Nonquiescent hVSMC had a marked reduction in viability when stimulated with ANG II in the absence of serum and growth factors (Fig. 1B) . Quiescent hVSMC underwent hypertrophy when stimulated with ANG II, and ANG II did not significantly alter proliferation of both quiescent and nonquiescent hVSMC (Fig. 1B) .
To determine the principal components of ANG II-induced cell death, we measured apoptosis by death ELISA. ANG II caused a marked increase in anti-histone and anti-DNA antibody binding ( Fig. 2A) , and ANG II-induced apoptosis was blocked by the AT 1 receptor antagonist candesartan (Fig. 2A) .
Effects of ANG II on intrinsic and extrinsic apoptotic pathways. ANG II (100 nM, 0 -24 h) did not affect mitochondrial membrane potential measured by rhodamine 123 fluorescence (Fig. 2B) , indicating that ANG II did not regulate the intrinsic apoptotic pathway. However, ANG II increased FasL mRNA levels by 2.6 Ϯ 0.2-fold compared with control in nonquiescent hVSMC after 16-h exposure (Fig. 3) but did not alter FasL mRNA levels (0.9 Ϯ 0.1-fold vs. control) in quiescent hVSMC (Fig. 3) . The expression of Fas was not significantly altered as measured by real-time PCR (data not shown). Moreover, ANG II increased caspase-8 mRNA levels by 3.2 Ϯ 0.3-fold after 20-h exposure as assessed by real-time PCR (Fig. 4A ) and also differential effects of ANG II on hypertrophy, proliferation, and cell viability. Quiescent and nonquiescent human vascular smooth muscle cells (hVSMC) were stimulated with 100 nM ANG II for 24 h. Proliferation was measured by 5-bromo-2'deoxyuridine (BrdU), cell viability was determined by calcein fluorescence, and hypertrophy was determined by cellular protein-to-DNA ratio. Results are expressed as percentage of control (means Ϯ SE); n ϭ 6 experiments. *P Ͻ 0.001 and **P Ͻ 0.002, compared with control. Fig. 2 . A: death ELISA. Nonquiescent hVSMC were exposed to serum-free medium alone (control) or with 10 nM candesartan [ANG II Type 2 receptor (AT1) blocker] with or without 100 nM ANG II for 24 h and analyzed for histone-associated DNA fragments as described in MATERIALS AND METHODS. Results are expressed as percentage of control (means Ϯ SE); n ϭ 4 experiments. *P Ͻ 0.001, compared with control. B: effects of ANG II on mitochondrial membrane potential. hVSMC were exposed to 100 nM ANG II for 0 -24 h and washed with PBS three times, and mitochondrial membrane potential was measured by using rhodamine 123 as described in MATERIALS AND METHODS. The results were expressed as percentage of control (means Ϯ SE); n ϭ 6 experiments. P ϭ not significant (NS).
increased the protease activity of caspase-8 after 20-h exposure (Fig. 4B) . These findings were consistent with ANG II stimulation of the extrinsic apoptotic pathway.
Effects of des-IGF-1 and overexpression of IGF-1R or Akt on ANG II-induced apoptosis.
To determine the potential ability of IGF-1 to prevent ANG II-induced apoptosis, we incubated hVSMC with various concentrations of des-IGF-1 or overexpressed IGF-1R using a specific adenovirus. Neither des-IGF-1 nor overexpression of AdIGF-1R attenuated ANG II-induced cell death, as measured by calcein fluorescence intensity (Fig. 5A) , and apoptosis, as assessed by death ELISA (Fig. 5B) . The rationale for using des-IGF-1 is that it has markedly lower affinity for IGF binding proteins (IGFBPs), and the effect of IGF-1 independent of IGFBPs can be assessed.
To determine the potential ability of activated Akt to prevent ANG II-induced apoptosis, we incubated hVSMC with ANG II in the presence of a control adenovirus (AdGFP) or an adenovirus overexpressing phospho-(p)Akt. Overexpression of constitutively active Akt completely protected hVSMC against ANG II-induced apoptosis (Fig. 5C) .
Effects of ANG II on IGF-1 signaling pathway. To delineate the signal transduction pathways involved in the inability of IGF-1 to rescue cells from ANG II-induced apoptosis of nonquiescent hVSMC, we investigated the effect of ANG II on the IGF-1 signaling pathway. We found that ANG II increased Akt phosphorylation at an early time point (5-30 min) (data not shown) but markedly decreased Akt and FKHR phosphorylation without altering the expression of total Akt or total FKHR at 24 h. IGF-1 failed to block ANG II-induced decrease in pAkt and pFKHR in nonquiescent hVSMC (Fig. 6A) . The increase in pAkt by overexpression of IGF-1R using an adenovirus was completely blocked by coincubating cells with ANG II (Fig.  6B) . We also found that ANG II only significantly altered Akt phosphorylation in nonquiescent hVSMC rather than in quiescent hVSMC after 24-h exposure (Fig. 6C) . Because we found that ANG II alters the Fas signaling pathway, we examined whether ANG II could modulate the effect of IGF-1 on the Fas signaling pathway. Although we found that ANG II increased the expression of FasL mRNA, surprisingly, we found that ANG II decreased soluble FasL protein levels after 24-h exposure as assessed by FasL ELISA (Fig. 7) . Furthermore, IGF-1 (50 ng/ml, 24 h) increased soluble FasL, and this IGF-1-induced increase was completely blocked by coincubating VSMC with ANG II (Fig. 7) . IGF-1 also failed to block the ANG II increase in caspase-8 activity (Fig. 4B) .
Effects of serum deprivation on ANG II AT 1 receptor expression. In view of the fact that ANG II induced apoptosis only in nonquiescent cells, we measured ANG II AT 1 receptor mRNA expression in quiescent and nonquiescent cells. ANG II AT 1 receptor mRNA levels were 4.3 Ϯ 0.6-fold higher (means Ϯ SE, n ϭ 3, P Ͻ 0.01) in nonquiescent cells. Radioligand binding assays indicated that ANG II AT 1 receptor density was increased by 3.2-fold (n ϭ 4, P Ͻ 0.01) in nonquiescent hVSMC compared with quiescent hVSMC.
DISCUSSION
For the first time the present study shows that ANG IIinduced apoptosis of nonquiescent hVSMC is characterized by marked inhibition of Akt and FKHR phosphorylation, by stimulation of an extrinsic cell death signaling pathway via upregulation of membrane FasL expression and by a reduction in soluble FasL levels (Fig. 8) . These findings support the hypothesis that decreased Akt phosphorylation leads to activation of the transcription factor FKHR, which causes the translocation of FKHR from cytosol to nucleus and then increases the transcription of FasL (7). Although the present study did not examine the mechanisms underlying the antagonist function of soluble FasL, recent reports have suggested that the trimeric structure of FasL is necessary for signal transduction. Values are means Ϯ SE; n ϭ 6 experiments. *P Ͻ 0.01, compared with control. B: ANG II increases caspase-8 activity. Nonquiescent hVSMC were exposed to serum-free medium alone (control), 100 nM ANG II alone, 50 ng/ml IGF-1 alone, or to IGF-1 and ANG II for 20 h; lysates were centrifuged at 10,000 g for 10 min; and the supernatants were assayed for caspase-8 activity. Values are means Ϯ SE; n ϭ 6 experiments. *P Ͻ 0.01, compared with control; **P ϭ NS, compared with ANG II. Thus soluble FasL lacks the intracellular and transmembrane parts of the FasL molecule and is unable to trimerize and, consequently, to activate the apoptosis signal when bound to the receptor (35, 39, 41) . Our finding that ANG II decreases soluble FasL levels and blocks the ability of IGF-1 to increase soluble FasL supports a role for soluble FasL in the apoptotic signaling pathway induced by ANG II. Of note, it has been reported that a soluble form of FasL has antagonist function and inhibits T-lymphocyte cell death (1) .
The finding that ANG II did not alter mitochondrial membrane potential but stimulated membrane FasL expression and increased the activity of caspase-8 indicated that ANG IIinduced apoptosis of VSMC proceeded via stimulation of an extrinsic rather than an intrinsic pathway. This finding extends the previous report (13) that ANG II induces apoptosis in blood vessels via activation of caspase-3, because caspase-8 is upstream of caspase-3. Our finding that ANG II induced apoptosis of nonquiescent hVSMC via the AT 1 receptor is consistent with the finding that ANG II induced apoptosis of rVSMCs through activation of the AT 1 receptor (3). It is important to note that there are several prior reports (26, 49) demonstrating . hVSMC were exposed to serum-free medium alone (control) or for 24 h as indicated, and cell lysates were subjected to 10% SDS-PAGE and Western blot analysis with anti-␤-actin, anti-total Akt, anti-pAkt, anti-Forkhead rhabdomyosarcoma transcription factor (anti-FKHR), and anti-pFKHR antibodies. C: effect of ANG II on expression of phospho-Akt in quiescent and nonquiescent hVSMC (representative experiment). hVSMC were exposed to serum-free medium alone (control) or with 100 nM ANG II for 24 h, and cell lysates subjected to 10% SDS-PAGE and Western blot analysis.
that the ANG II type 2 (AT 2 ) receptor mediates programmed cell death. Our findings support the hypothesis that AT 1 receptor activation may control hVSMC growth through either proliferation or delayed apoptosis (3) and suggest that AT 1 -mediated apoptosis is particularly important in the synthetic VSMC phenotype. Although quiescent and nonquiescent hVSMC in our study did not show apparent differences in their morphology (data not shown), the expression of smooth muscle ␣-actin was markedly lower in nonquiescent hVSMC (data not shown), consistent with a dedifferentiated state and a synthetic rather than a contractile phenotype. It is of note that ANG II has been shown to induce apoptosis of epithelioid rVSMC, which express a lower level of smooth muscle ␣-actin, rather than spindle VSMC (3). Numerous observations suggest that smooth muscle cells in atherosclerotic lesions have changed from a contractile to synthetic phenotype, which could have profound effects on the capacity of the lesion to respond to various agents (37) . It has also been reported that smooth muscle cells in the arteries may be heterogeneous, and this heterogeneity of smooth muscle in different parts of the arterial tree may respond differently to the stimuli that generate atherosclerotic lesions at each of these sites (2, 8, 19, 37) . Thus our findings raise the intriguing possibility that ANG II could act differentially on VSMC in vivo, stimulating apoptosis of synthetic VSMC but inducing hypertrophy of contractile quiescent VSMC. Furthermore, our data showing that nonquiescent hVSMC have significantly higher levels of ANG II AT 1 receptor mRNA suggest that ANG II AT 1 receptor density may play a critical role in the differential effect of ANG II on contractile vs. synthetic vascular smooth muscle.
The present study demonstrates that ANG II-induced apoptosis of nonquiescent hVSMC is mediated by reduced Akt phosphorylation based on the following lines of evidence: 1) ANG II markedly decreased Akt phosphorylation in nonquiescent hVSMC after 24-h exposure, whereas ANG II did not significantly alter Akt phosphorylation in quiescent hVSMC after 24-h exposure; and 2) overexpression of constitutively active Akt prevented ANG II-induced apoptosis. This finding is consistent with the antiapoptotic effects of Akt in a variety of cell types in vitro (9).
The IGF-1 system has been shown to have a potent survival function for a variety of cell types in vitro (15, 27, 30) . Recently, Delafontaine's laboratory (30) has shown that IGF-1R activation inhibits oxidized LDL-induced cytochrome-c release and apoptosis of hVSMC. Surprisingly, in this study, des-IGF-1, IGF-1, and overexpression of IGF-1R by adenovirus did not attenuate ANG II-induced cell death. Interestingly, we found that ANG II markedly decreased basal Akt phosphorylation, and the increase in Akt phosphorylation by overexpression of IGF-1R using an adenovirus was also completely blocked by coincubating with ANG II. Furthermore, ANG II antagonized the antiapoptotic effect of IGF-1 by blocking its ability to increase Akt and FKHR phosphorylation and soluble FasL levels. These findings suggest that ANG II inhibits the antiapoptotic effect of IGF-1 through an Akt/ FKHR/FasL signaling pathway. Our finding is consistent with previous reports that ANG II inhibited insulin and IGF-1 stimulated PI3-kinase activity in rat aortic smooth muscle cells (18) and that ANG II injection into rats inhibited both basal and insulin-stimulated PI3-kinase activity in the heart (42). Importantly, our study is the first to demonstrate that ANG II inhibits IGF-1 antiapoptotic effects via an Akt/FKHR/FasL signaling pathway.
VSMC apoptosis occurs in all cardiovascular diseases, including hypertension, restenosis, and atherosclerosis (25) . Transgenic rats harboring human renin and angiotensinogen reveal an increased rate of apoptosis in the heart and kidney (34) . With respect to atherosclerosis, human plaques contain VSMC with apoptotic-prone behavior (4) and have increased angiotensin-converting enzyme activity (14) . It is also reported that ANG II promotes atherosclerotic lesions and aneurysms in apolipoprotein E-deficient mice (10) and that hypercholesterolemia stimulates angiotensin synthesis and contributes to atherosclerosis through the AT 1 receptor (11, 45) . Although it has been reported that ANG II infusion enhanced apoptosis in blood vessels, potentially contributing to vascular remodeling in hypertension (13) , molecular mechanisms responsible for ANG II-induced VSMC apoptosis have remained largely unknown. Our finding provides a molecular mechanism underly- Fig. 7 . Effects of ANG II and IGF-1 on FasL levels. hVSMC were exposed to serum-free medium alone (control) or with 100 nM ANG II alone or with 50 ng/ml IGF-1 for 24 h, and soluble FasL in conditioned media was measured by ELISA. Results were expressed as percentage of control (means Ϯ SE); n ϭ 4 experiments. *P Ͻ 0.01, **P Ͻ 0.02, and #P Ͻ 0.01, compared with control. ing ANG II-induced apoptosis of hVSMC and suggests that ANG II could contribute to atherosclerosis and vascular disease not only via its role in proliferation/hypertrophy but also via its apoptotic effects.
In summary, ANG II-induced apoptosis of VSMC is characterized by marked inhibition of Akt phosphorylation and stimulation of an extrinsic cell death signaling pathway via stimulation of membrane FasL expression, a reduction in soluble FasL expression, and increased expression and activity of caspase-8 (Fig. 8) . Furthermore, ANG II antagonizes the antiapoptotic effect of IGF-1 by blocking its ability to increase Akt phosphorylation and soluble FasL expression. These findings have major implications for devising a strategy to limit ANG II-induced vascular remodeling in hypertension and atherosclerosis.
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